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This study was undertaken to determine the effect 5 con¬ 
centrations of gibberellic acid (10, 50, 100, 400 and 1000 
ppm) would have on radial mycelial growth, mycelial yield, 
and toxin formation of six isolates of (:. ulmi. 
To determine the effect of GA on the radial growth of 
the mycelia, the isolates were grown on a synthetic nutrient 
agar medium containing the GA concentrations. For some iso¬ 
lates it was found that low GA concentrations slightly 
stimulated growth, while higher concentrations generally in¬ 
hibited growth. At 1000 ppm, mycelial growth of all isolates 
was strongly inhibited. Mycelial yield was determined by 
culturing isolates in liquid shake culture, containing the 
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different GA concentrations. Mycelia were separated from 
the culture medium by filtration. Mycelial yield was found 
to generally decrease as GA concentrations increased. 
Filtrates from liquid cultures were used for toxin 
titre assays. On the basis of the extent of wilting induced 
in tomato cuttings, treated with filtrates from the GA-defi- 
cient medium, isolates were classified as moderately patho¬ 
genic and highly pathogenic. When tomato cuttings were 
treated with filtrates from isolates grown in GA-supplemented 
media higher wilting percentages were found at lower GA 
concentrations and generally lower wilting percentages were 
found at higher GA concentrations. The greatest reduction 
in wilting occurred in isolates that were moderately patho¬ 
genic . 
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Ceratocystis ulmi, the fungus that incites the Dutch elm 
disease, appears to induce its characteristic disease symp¬ 
toms, by elaborating a toxin as it grows in the xylem tissue 
of the host. It is generally accepted that this toxin, pro¬ 
duced by the fungal mycelium, stimulates tylose formation, 
gummosis, a general discoloration of xylem elements. Studies 
have been made on the relationship between mycelial growth 
and disease development (Clinton and McCormick, 1936), myce¬ 
lial growth and toxin production (Frederick a!nd Howard, 
1951), medium components and toxin production (Zentmyer, 
1942), pH and toxin production (Feldman et ajL., 1950; 
Frederick, 1950) and host histologic changes and toxin poten¬ 
cy (Salters, 1966). These studies have been made possible 
since it was revealed by Zentmyer (1942) that isolates of Ç. 
ulmi, when cultured in liquid culture, will elaborate a toxin 
into the medium. Dimond (1947) subsequently demonstrated 
that filtrates of liquid cultures, sterilized by filtration, 
will induce wilting in tomato cuttings, and symptoms in sus¬ 
ceptible elm cuttings that are typical of the disease. 
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Since growth-substances are known to produce profound 
effects on growth and metabolism in higher plants, it appears 
as if it would be worthwhile to investigate the effects some 
of these substances might have on a wilt-inducing fungus such 
as Ç. ulmi. Gibberellic acid is one of these types of com¬ 
pounds and few reports of studies on the effect of this 
growth-regulating substance on fungi, especially wilt-induc¬ 
ing fungi, are available. Among the studies that have been 
made on the effect of gibberellic acid (GA) on fungi, the re¬ 
ports are somewhat conflicting. Some investigators (Levisohn, 
1960; Santoro and Casida, 1962) have reported that GA inhib¬ 
ited growth of the fungal species that they have studied. 
Others (Aleksandrov, 1964; Saxena and Sehra, 1960) have re¬ 
ported that GA caused an increase in the growth of fungi that 
they have studied. There appear to be no reports of investi¬ 
gations on the effect of GA on wilt-inducing fungi. 
Because of the relationship of mycelial growth and spore 
formation to the spread of C. ulmi in the host and the rela¬ 
tionship of toxin formation to disease severity, it would 
appear worthwhile to determine whether or not GA would exert 
a stimulatory or an inhibitory effect on these developmental 
aspects of the pathogen when cultured in vitro. With these 
problems in mind, this study was conceived. 
CHAPTER II 
REVIEW OF LITERATURE 
Ceratocystis ulmi, a fungus that induces a leaf wilt 
disease of the American elm (Ulmus americana) is an endogenous 
pathogen that becomes established in the vessels of the cur¬ 
rent season's growth (Clinton and McCormick, 1936). According 
to several investigators, (Bartlett, 1928; Clinton and 
McCormick, 1936; Dimond, 1947; Zentmyer, Horsfall and Wallace, 
1946) the earliest external symptoms usually are expressed as 
a wilting and curling of the leaves. Clinton and McCormick 
(1936) speculated that the symptoms were most likely due to a 
toxic substance liberated by the fungus as it grows in the 
host, rather than due to a mechanical blockage of tracheary 
elemements by the mycelium. A similar speculation led 
Howard and Caroselli (1941), to investigate the causal mech¬ 
anism of the bleeding canker disease of hardwood trees. They 
demonstrated that host pathogenesis was due to the liberation 
of toxins by the pathogen. 
The work of Howard and Caroselli (1941) resulted in 
Zentmyer (1942) investigating the toxin-producing ability of 
Ç. ulmi. Zentmyer found that a toxin, capable of producing 
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symptoms characteristic of the Dutch elm disease, formed in 
liquid nutrient cultures of the fungus. His studies revealed 
that the production of the toxin was apparently related to 
the components of the medium. Toxin was elaborated when the 
fungus was grown in a liquid nutrient medium containing yeast 
extract in addition to other nutrients. The medium compo¬ 
nents and amounts per liter, used by Zentmyer were as follows 
yeast extract, 2.0 g; KH^PC^, 1.5 g; MgS04.7H20, 1.0 g; glu¬ 
cose, 25 g; L-asparagine, 2.0 g; and FeCl3, 10 mg. The nu¬ 
trient solution formulated by Zentmyer was also used by me in 
this investigation. 
Zentmyer's results were later substantiated by Feldman 
et al. (1950) and Dimond et al. (1949). The latter investi¬ 
gators found that C_. ulmi, growing in Zentmyer ' s nutrient 
medium, produced toxin more rapidly in shake culture than in 
quiet culture. As a result of these investigations, the 
shake culture technique has become the standard method for 
toxin production. 
A comparison was made of the pathogenic properties of 
the toxin produced in shake and quiet cultures by Dimond 
et al. (1949). It was found that tomato and elm cuttings 
exhibited similar wilt symptoms when subjected to the toxin 
obtained from shake as well as quiet cultures of the fungus. 
5 
Temperature, oxygen tension and pH are some of the en¬ 
vironmental factors that are now known to influence modifi¬ 
cations in metabolism and growth characteristics of £. ulmi. 
For instance, Frederick (1950) found that isolates of ulmi 
grown on solid nutrient medium produced the greatest radial 
mycelial growth at pH 4.0. However, in shake culture, most 
of the isolates grew best in the liquid nutrient medium series 
buffered initially at pH 8.0 (lowered by autoclaving to 7.1). 
It is also reported that the greatest toxin production in 
shake culture is achieved after seven days' growth. Feldman 
et al. (1950) worked with a "black strain" of C. ulmi that had 
been found to be highly pathogenic. The highest level of 
toxin production by this strain developed in a medium buffered 
at pH 4.25 after seven days of growth. Culture of this iso¬ 
late at a pH of 6.0 or above resulted in an inactivation of 
most of the toxin. 
If toxins elaborated by (:. ulmi is the primary cause of 
wilting, disease severity might be reduced if toxin formation 
is inhibited. Little information appears to be available on 
the metabolic pathways of toxin formation by the fungus. As 
mentioned previously, Feldman et_ al_. (1950) have reported 
that the fungal toxin appears to be inactivated at high pH 
levels. Frederick and Howard (1951) have indicated that 
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there is no apparent correlation between mycelial growth and 
toxin formation. Definitive studies, however, on the effect 
specific medium components have on toxin formation have not 
been reported. 
The probable effect growth-regulating substances, nota¬ 
bly the gibberellins, might have on growth and toxin forma- 
tion by isolates of C. ulmi appears worthy of study. The 
profound physiological effects that gibberellins have on 
growth in higher plants is well known. Only a relatively 
small body of knowledge is available on the effect these sub¬ 
stances have on growth of fungi. Levisohn (1960) and Santoro 
and Casida (1962) report gibberellin as being antagonistic to 
certain fungi. Brian et al^. (1954) tested the effects of GA 
on eleven bacteria and thirteen fungi. The fungi used were 
Absidia glauca, Aspergillus niger, Botrytis allii, Fusarium 
coeruleum, IT. graminearum, Mucor erectus, Myrothecium 
verrucaria. Pénicillium digitatum, P. expansum, P. gladioli, 
Stemphylium sp. Thamnidium elegans, and Trichoderma viride. 
Using a germination test in a glucose-ammonium salt medium, 
with a GA concentration of 5 mg/1, they were unable to detect 
any effect, either inhibitory or stimulatory on the growth of 
bacteria and fungi. 
Gibberella fujikuroi, however, has been reported to be 
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antagonistic to several fungi by Koehler and Woodworth, 
according to Stowe and Yamaki (1957). Levisohn (1960), 
growing mixed cultures of Gibberella and several mycorrhiza- 
forming fungi on nutrient agar medium, showed that Gibberella 
had antagonistic effects on these fungi. Using a concentra¬ 
tion of 100 ppm, she found that this concentration affected 
the growth rate of mycorrhizal fungi adversely. The basidio- 
mycetes tested were Boletus granulatus, B. scaber, Rhizopogon 
luteolus, and Rhizoctonia sylvestris (a parasitic mycelium). 
R. sylvestris developed profuse sclerotia in the presence of 
GA. As reported by Stowe and Yamaki (1957), Hayashi in 1940 
found that gibberellin did not have any effect on yeast. 
However, in 1951 Ono, as reported by Stowe and Yamaki (1957), 
showed that G. fujikuroi filtrates promoted sclerotium forma¬ 
tion in two other fungi. 
Santoro and Casida (1962) observed the effect of gib¬ 
berellin in liquid cultures of fungi known to form mycorrhizal 
associations with roots of conifers. Using the concentrations 
of 50, 200, and 500 ppm in Hoagland's medium and then deter¬ 
mining the dry weight of the mycelia, they found that gib¬ 
berellin inhibited the growth of the basidiomycetes. The 
following fungi were used: Amanita caesarea, A. rubescens, 
A. muscaria, Boletus luteus, B. bicolor, and a representative 
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of the Fungi Imperfecti, Cenococcum graniforme. 
Aleksandrov (1964) tested the effect of gibberellin on 
the growth and yield of field mushrooms. Using a water- 
alcohol solution of gibberellin, he found that the growth of 
the mycelium and yield of mushroom increased. 
Finally, Saxena and Sehra (1966) found that GA stimu¬ 
lated the growth of some cellulytic fungi. The maximum effect 
was produced at a concentration of 10 mg/ml of inoculum. With 




MATERIALS AND METHODS 
Six isolates of Ç. ulmi, which were originally obtained 
from several states, were used in the present investigation. 
Two isolates were obtained from Rhode Island, two from West 
Virginia, one from Missouri, and one from Georgia. The 
latter was isolated from an infected tree on the Morehouse 
campus during the summer of 1966. Three of these isolates 
were previously described by Salters (1966). His descrip¬ 
tions and designations of each isolate are as follows: 
RI-Z7 — "This isolate is characterized by the production of 
black tufts of aerial mycelium and develops a distinct radial 
zonation." 
MO-1563 — "This isolate forms a zonate mycelium with pros¬ 
trate hyphae and the mat is white in color." 
RI-6606 — "The mycelium of this isolate has scattered aerial 
hyphae and the mat is white in color." 
Using the same coding system used by Salters (1966) in 
which the first two letters denote the state from which the 
isolate originated, the additional isolates used had the 
following cultural characteristics: 
WV-I — Mycelium initially white, becoming black with age. 




WV-II — Dark, thick, largely submerged mycelium with white 
coremia. The mycelium is radially zonate. 
GA-26 — The isolate has a white, scanty, cottony, mat large¬ 
ly submerged, slightly zonate mycelium. Sectoring occurs. 
Three kinds of culture media were used in this investi¬ 
gation. Stock cultures of the various isolates of CL ulmi 
were grown on potato dextrose agar (PDA) and maintained in 
bottles in an Environ room at 26 C. For the studies on myce¬ 
lial growth and toxin formation, a synthetic nutrient agar 
medium (SNA) and a liquid synthetic nutrient medium (LSN) 
were used respectively. 
The constituents used in the preparation of SNA and LSN 
were as follows: yeast extract, 2.0 g; KH2PO4, 1.5 g; MgSO^.. 
7H2O, 1.0 g; glucose, 25 g; FeC^, 10 mg; and L-asparagine, 
2.0 g. In addition to the above constituents, various con¬ 
centrations (10, 50, 100, 200, 400 and 1000 ppm) of gib- 
berellic acid (GA) were added to the media. In the SNA 
medium, 15 g of agar per liter were added. Agar was not 
added to the LSN medium. To maintain a pH of 4.00-4.25, 
15 ml of citrate-NaOH buffer for each 50 ml of medium was 
added to the mixture. 
The citrate-NaOH buffer was prepared by mixing 21 g of 
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citric acid with 200 ml of NaOH and bringing the volume up 
to 1000 ml with the addition of distilled water. The origi¬ 
nal pH of the buffer was 5.2. In order to lower the pH of 
the buffer solution to a pH of 4.00-4.25, 55 ml of the buffer 
solution was added to 45 ml of 0.1N HCl. Stock solutions of 
IN HCl, 0.1N HCl, IN NaOH and 0.1N NaOH were prepared. 
All pH determinations in this investigation were made 
with a Beckman Zeromatic pH meter. The gibberellic used was 
a product obtained from Merck and Company, and was assayed 
as an 85% formation of the potassium salt of gibberellin A3. 
The stock solution for all concentrations of GA was 
prepared in the following manner: 1 g of GA was initially 
dissolved in 2 ml of absolute ethyl alcohol. The alcohol- 
GA solution was brought up to a volume of 25 ml by adding 
distilled water. The solution was warmed gently in a steam 
bath for 15 min to evaporate some of the alcohol. The solu¬ 
tion was cooled, poured into a 500 ml volumetric flask, and 
distilled water was added to bring the volume to 500 ml at 
room temperature. Each milliliter of stock solution there¬ 
fore contained 2 ppm of GA. 
In order to prepare an aliquot of 500 ml with the de¬ 
sired GA concentrations, the following volumes of stock 
solutions were used: for a medium with the GA concentration 
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of 10 ppm, 2.5 ml stock solution was added; for a medium 
with the GA concentration of 50 ppm, 12.5 ml stock solution 
was added; for medium with the GA concentration of 100 ppm, 
25.0 ml stock solution was added; for a medium with the GA 
concentration of 200 ppm, 50.0 ml stock solution was added; 
for a medium with the GA concentration of 400 ppm, 100 ml 
stock solution was added; and for a medium with the GA con¬ 
centration of 1000 ppm, 250 ml stock solution was added. 
The basic difference between a medium containing gibberellic 
acid (GA-supplemented medium) and a medium that served as 
control (GA-deficient medium) was that the latter did not 
contain GA. 
Each liter of medium was divided into two aliquots of 
500 ml each. One aliquot served as the control, while the 
other served as the experimental medium. Subsequent prepa¬ 
rations of the two media were made throughout the course of 
the study. 
Three different methods were employed in this investi¬ 
gation for studies of mycelial growth, toxin formation and 
toxin titre assays. 
In order to study radial growth of the mycelium, 25 ml 
of the SNA medium were added to sterile petri dishes. For 
each liter of solution thirty-six petri dishes were poured. 
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Eighteen plates contained the control medium (GA-deficent) 
and 18 plates contained the GA-supplemented medium. To ob¬ 
serve the growth of the mycelium, plugs of uniform size, 
taken from five-day-old PDA cultures of the isolates, were 
transferred to the SNA medium. These plates were placed in 
an Environ room and incubated at 26 C for 11 days. Measure¬ 
ments of the radial growth of the mycelial mats were taken 
at four periodic intervals, namely, 5, 7, 9 and 11 days. 
Growth dimensions were read in centimeters along X and Y 
axes drawn on a glass plate. Measurements of the radial 
growth on different mycelial mats were made five different 
times for each concentration used. After comparing the 
measurements of isolates grown on media containing 100 ppm 
and 200 ppm respectively, it was found that there was no 
significant difference between the growth rate of the two 
concentrations. As a result further utilization of the 
latter concentration was discontinued. 
For the study on toxin formation, the LSN medium was 
used. It was prepared in the same manner as the SNA medium 
except that agar was not added. Initially, one liter of 
solution was prepared. The medium was again divided into 
two aliquots of 500 ml each. To each of the twenty flasks 
used (ten containing the GA-deficient medium; ten containing 
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the GA-supplemented medium), fifty milliliters of LSN were 
added. Following autoclaving, check flasks were removed for 
pH determinations. It was found that autoclaving did not 
appreciably alter the pH of the medium. 
A uniform-sized plug of an isolate from 5-day-old PDA 
cultures were placed in each of the flasks. The flasks were 
then placed on a two-speed Eberbach shake machine, set for 
280 oscillations per minute, and allowed to shake for 7 days 
at 26 C. The maximum capacity of the shake machine was in¬ 
creased from 15 to 28 by using another carrier improvised by 
Salters (1966). 
As stated previously, in an experimental series ten 
flasks contained GA-deficient medium and ten flasks contain¬ 
ed the GA-supplemented medium. In each experimental series, 
two flasks were provided as control flasks for each GA con¬ 
centration level and two flasks were provided for each GA- 
supplemented medium of the series. The series was replicated 
six times. 
At the termination of the culture period (7 days) the 
flasks were removed from the shake machine, and the mycelium 
was separated from the filtrate in a Buchner funnel. Separa¬ 
tion of the mycelium was made by vacuum filtration on pre¬ 
weighed No. 50 Whatman filter paper. Following filtration 
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the filter paper containing the mycelium from each isolate 
was placed in an oven at 95 C, dried for 48 hr and re¬ 
weighed. The difference between the two weight readings of 
the filter paper was the weight of the mycelium. 
All filtrates were later refiltered in a sterile 250 ml 
Morton type Pyrex filter apparatus. To check the sterility 
of the filtrates, small samples were aseptically streaked 
onto plates of PDA. The results were always negative. 
Filtrates of the isolates were stored at 0 C. 
For toxin titre assays, filtrates from cultures repre¬ 
senting each GA concentration level were utilized. One 
milliliter of a particular filtrate was added to a 9 x 30 mm 
vial. Ten vials constituted a test series. These vials 
were placed in 10 x 14 cm petri dishes filled with sand. 
Vials of sterile media representing each of the 5 GA concen¬ 
trations served as controls. In addition to the control 
media, vials containing water were used for additional com¬ 
parisons . 
In order to make toxin titre assays tomato seedlings 
were utilized. Super Marglobe tomato seeds were obtained 
from H. G. Hastings Seed Company, Atlanta, Ga. Seeds were 
planted in germination trays filled with vermiculite and 
seedlings were grown under greenhouse conditions for 4 to 5 
16 
weeks. 
To determine the degree of wilting produced by the dif¬ 
ferent filtrates, 20 uniform size 4 to 5-week-old tomato 
seedlings were removed from the germination trays and cut 
obliquely under water with a sharp razor blade. After momen¬ 
tarily allowing pressure differences to become adjusted, 
each cutting was removed from the water and quickly placed 
into a vial containing the filtrate or sterile medium. For 
each concentration, the above procedure was repeated four 
times. For the control and the four experimental series 20 
replications were made resulting in a total of 200 tomato 
seedlings being used. 
Dishes containing the test cuttings were placed in a 
growth chamber and subjected to constant conditions of tem¬ 
perature (26 C) and relative humidity (80%). They were also 
subjected to a photoperiod of 12 hr fluorescent light and 
12 hr darkness with the source of illumination 40 inches 
away from the cuttings. The wilt index was determined after 
24 hr. 
To differentiate between the various degrees of wilting 
of the leaves, the author used the same wilt values as 
described by Salters (1966). If a filtrate caused all of 
the leaves on a cutting to wilt or collapse and completely 
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shrivel, it was regarded as having caused 100 percent wilt 
and given a wilt value of 1. If all of the leaves on a cut¬ 
ting were wilted but only slightly shriveled or dry at there 
edges, 75 percent wilting was considered to have taken place 
and a wilt index of 0.7 was assigned. If all of the leaves 
on a cutting were wilted but not shriveled the filtrate was 
regarded as having induced 50 percent wilting, and a wilt 
index of 0.5 was assigned. If all of the leaves of a cutting 
exhibited incipient wilting and only a slight curling at the 
edges, the filtrate was regarded as having caused 25 percent 
wilting, and a wilt index of 0.25 was assigned. Cuttings 
exhibiting no wilting were assigned a value of 0. 
CHAPTER IV 
EXPERIMENTAL RESULTS 
To obtain data on the effect of GA upon the radial 
growth of the mycelial mats of six isolates, measurements on 
arbitrarily chosen X and Y axes were made. Readings in cen¬ 
timeters of the six concentration levels (0, 10, 50, 100, 
400 and 1000 ppm) were made at four intervals (5, 7, 9 and 
11 days). 
Repeated measurements of mycelial mats of replicate 
cultures, growing on SNA media containing the various GA con¬ 
centrations (experimental series) provided conclusive evi¬ 
dence of differential response of isolates to GA as well as 
a GA inhibitory effect on mycelial growth at the higher con¬ 
centrations . 
In order to statistically determine whether or not 
these differences were significant the data were analyzed 
with the aid of an IBM 227 computer. Measurements from the 
four intervals were punched on IBM data-processing cards. A 
total of 2,500 IBM cards containing the readings for all of 
the isolates for the four days were punched. To distinguish 
between isolates, concentrations, replications and days' 
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growth, a five-digital code was used. For instance, the 
five-digital code of 12035 represented the readings from 
isolate MO-1563, when grown on a medium containing 10 ppm of 
GA, for the third replication, at five days' growth. 
Tests of the data were made for the isolates, concen¬ 
trations, and a combination of the isolates and concentra¬ 
tions, to determine whether the variations obtained were the 
results of inherent differences in the above categories. 
If the F value obtained in each of the tests were 
greater than the critical F value, statistical proof was pro¬ 
vided that the differences were not due to chance but due to 
inherent response differences among the strains and the GA 
concentrations. The critical F values for the three tests 
are as follows: for the isolates (5+588 degrees of freedom), 
the critical F value was 5.149 at 0.0001; for the concentra¬ 
tions (5+588 degrees of freedom), the critical F value was 
5.149 at 0.0001; and for the combination of isolates and 
concentrations (29+588 degrees of freedom), the critical F 
value was 1.740 at 0.0001. As shown in Table 1, all of the 
F values obtained were greater than the critical F values. 
Effect of GA Concentrations on Radial Mycelial Growth 
Although diameter readings were taken at four different 
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Table 1. Mean diameters (cm) of mycelial mats of isolates 
of ulmi when grown for 11 days on a synthetic 
nutrient agar medium containing different concen¬ 
trations of gibberellic acid. 
a 
Isolate 
Concentrations of GA (ppm)b 
0 10 50 100 400 1000 
MO-1563 *4.3599 4.2466C 4.1799 4.2466 3.6799 2.2199 
RI-Z7 4.9466 4.8799 4.4933 4.4799 3.8466 2.1266 
WV-I 5.4266 4.7799 5.0599 4.5799 3.6199 2.2333 
WV-II 3.4466 3.6599 3.3399 3.8866 3.3599 2.5466 
GA-26 5.8266 5.8199 5.8533 5.7266 4.1933 2.5333 
RI-6606 6.6499 6.3533 6.8133 6.0199 3.8799 2.6533 
*Each number represented the mean for fifteen replications. 
F value Critical F value 
aF value between isolates 179.0 5.149 
bF value between concentrations 331.0 5.149 
CF value between concentrations 18.0 1.740 
and isolates 
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intervals, the most noticeable differences in mycelial growth 
response for the isolates were evident after 11 days, the end 
of the experimental growth period. 
As shown in Table 1, growth of the mycelial mats, when 
compared with the controls, was inhibited by all GA concen¬ 
tration levels for isolates MO-1563 and RI-Z7. The degree of 
inhibition increased as the GA concentration levels increased. 
Although mycelial growth of isolate WV-I was inhibited at all 
GA concentration levels, the mean for mat diameter at the GA 
level of 10 ppm was less than the mean at 50 ppm. For ex¬ 
ample, in the table the mean mat diameter at 10 ppm for WV-I 
was 4.7799 cm; while the mean mat diameter at 50 ppm was 
5.0599 cm. For isolate WV-II, the GA concentrations of 
10 ppm and 100 ppm stimulated growth slightly while the GA 
concentration of 50 ppm inhibited radial mycelial growth. 
The mean for the control was 3.4466 cm and the means of myce¬ 
lial mat diameters at 10 ppm, 50 ppm, and 100 ppm are 3.3399 
cm, and 3.8866 cm respectively. 
On the other hand, I have found that âb the lower GA 
concentration levels (10 ppm, 50 ppm and 100 ppm), mycelial 
growth of some of the isolates was stimulated. As mentioned 
previously, the GA concentrations of 10 ppm and 100 ppm stimu¬ 
lated mycelial growth of isolate WV-II. In addition, radial 
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growth of mycelia of isolates RI-6606 and GA-26 were stimu¬ 
lated by the 50 ppm concentration level. As shown in Table 1, 
for isolate RI-6606, the means of the control and the GA- 
treated culture were 6.6499 cm and 6.8133 cm respectively. 
The difference between the two means was 0.16 cm. For iso¬ 
late GA-26, there was a barely perceptible increase in radial 
mycelial growth at the GA concentration of 50 ppm. The mean 
of the control was 5.8266 cm, while the mean for the GA- 
treated culture was 5.8533 cm. The difference between the 
two means was 0.03 cm. 
Although the various GA concentrations used in this in¬ 
vestigation affected the growth of the mycelial mats, these 
GA concentrations did not seem to alter the morphological 
features of the cultures of any of the isolates. 
To further document variations in comparative rates of 
growth between the controls and the GA-treated cultures, 
pictures of the mycelial mats were taken at the end of the 
experimental growth period. Figure 1 shows representative 
11-day-old cultures of two of the isolates grown on SNA at 
a GA level of 10 ppm. At this concentration level, GA had 
an inhibitory effect upon most isolates (Fig. IB), although 
mycelial growth of WV-II (Fig. IB) was slightly stimulated 




Mycelial mat diameters of isolates RI-6606 and WV-II 
after culture for 11 days on GA-deficient SNA and 
GA-supplemented SNA at 10 ppm. A. Isolate RI-6606. 
B. Isolate WV-II. 
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The typical effects of the GA concentration of 50 ppm 
on radial growth of mycelial mats are shown in Figs. 2 and 3, 
for this concentration level had an inhibitory effect upon 
most isolates. For isolates WV-I and WV-II (Fig. 2), the de¬ 
gree of inhibition was very small. On the other hand, the 
inhibition of radial growth of mycelia of isolates MO-1563 
and RI-Z7 (Fig. 3) was greater at this level. Although the 
50 ppm concentration was 5 times greater than the 10 ppm 
level, growth of mycelial mats for isolates RI-6606 and GA-26 
(Fig. 4) was slightly stimulated. 
As shown in Fig. 5A at 100 ppm, mycelial growth was 
generally inhibited among the isolates. For isolate WV-II, 
however, mycelial growth was slightly stimulated at this 
level (Fig. 5B). 
A study of the data presented in Table 1 clearly reveals 
that the effect of GA at the 400 ppm level was markedly in¬ 
hibitory. Figure 6 provides a representative example of two 
of the isolates exhibiting this inhibition. An even more 
pronounced inhibitory effect at 1000 ppm is revealed when 
data from Table 1 are studied. Mycelial mats of two of the 
isolates on culture media containing 1000 ppm are shown in 
Fig. 7. 
Graphs of individual isolates (Figs. 8-13) further 
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Fig. 2. Mycelial mat diameters of isolates WV-I and WV-II 
after culture for 11 days on GA-deficient SNA and 
GA-supplemented SNA at 50 ppm. A. Isolate WV-I. 
B. Isolate WV-II. 
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Fig. 3. Mycelial mat diameters of isolates MO-1563 and 
RI-Z7 after culture for 11 days on GA-deficient 
SNA and GA-supplemented SNA at 50 ppm. A. Isolate 
MO-1563. B. Isolate RI-Z7. 
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Fig. 4. Mycelial mat diameters of isolates RI-6606 and 
GA-26 after culture for 11 days on GA-deficient SNA 
and GA-supplemented SNA at 50 ppm. A. Isolate 
RI-6606. B. Isolate GA-26. 
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Fig. 5. Mycelial mat diameters of isolates RI-6606 and WV-II 
after culture for 11 days on GA-deficient SNA and 
GA-supplemented SNA at 100 ppm. A. Isolate RI-6606 
B. Isolate WV-II. 
29 
Fig. 6. Mycelial mat diameters of isolates MO-1563 and 
RI-Z7 after culture for 11 days on GA-deficient SNA 
and GA-supplemented SNA at 400 ppm. A. Isolate 
MO-1563. B. Isolate RI-Z7. 
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Fig. 7. Mycelial mat diameters of isolates RI-6606 and 
GA-26 after culture for 11 days on GA-deficient SNA 
and GA-supplemented SNA at 1000 ppm. A. Isolate 
RI-6606. B. Isolate GA-26. 
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Fig. 8. Comparative rates of growth of isolate MO-1563 when 
grown on SNA media containing 5 different GA concen¬ 
trations . 
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CONCENTRATION OE GA (ppm) 
Eig. 9. Comparative rates of growth of isolate GA-26 when 
























CONCENTRATION OF GA (ppm) 
Fig. 10. Comparative rates of growth of isolate RI-Z7 when 































CONCENTRATION OF GA (ppm) 
Fig. 11. Comparative rates of growth of isolate WV-I when 













CONCENTRATION OF GA (ppm) 
Fig. 12. Comparative rates of growth of isolate WV-II when 































CONCENTRATION OF GA (ppm) 
Fig. 13. Comparative rates of growth of isolate RI-6606 
when grown on SNA media containing 5 different GA 
concentrations. 
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support data from Table 1. For isolates MO-1563, GA-26, and 
RI-Z7, (Figs. 8-10) the lower concentration levels of GA 
were quite similar to the control. For other isolates 
(Figs. 11-13), however, there is an irregular pattern for 
the lower concentrations of GA. The most noticeable effect 
shown in all of the graphs is the inhibition of mycelial 
growth by the concentration levels of 400 ppm and 1000 ppm. 
Effect of GA Concentrations on Mycelial Yield 
in a_ Liquid Synthetic Medium. 
As shown in Table 2, the mycelial yield generally de¬ 
creased as the GA concentrations increased. The greatest 
difference between the mycelial yield of the control and the 
GA concentration of 1000 ppm was 399.6 mg for isolate GA-26. 
On the other hand, the least amount of difference between 
the mycelial yield of control and 1000 ppm of GA was 72.3 mg 
(RI-Z7). The differences between the control and the high¬ 
est GA concentration utilized for the other isolates are as 
follows: for RI-6606, 223.4 mg; for WV-II, 187.0 mg; for 
MO-1563, 95.3 mg; and for WV-I, 82.5 mg. At the GA concen¬ 
tration of 100 ppm for isolate WV-II, the mycelial yield for 
10 ppm was slightly greater than the control. The mean for 
the control was 441.6 mg and the mean for 10 ppm was 
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Table 2. Comparison of mycelial yield of isolates at 
different GA concentration levels when grown 
in shake culture for 7 days. 
Isolate Control Concentrations of GA (ppm) 
10 100 400 1000 
MO-1563 237.0 199.5 162.5 149.5 131.7 
RI-Z7 225.6 195.5 187.5 168.0 155.3 
WV-I 242.3 219.3 235.1 191.0 159.8 
WV-II 441.6 467.1 450.0 437.3 354.6 
RI-6606 783.0 692.1 678.0 554.5 459.6 
GA-26 *888.3 673.8 658.2 575.8 488.7 
*Each number represents the mean (mg) of twelve replications. 
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467.1 mg. 
Graphs of the mycelial yield of the six isolates are 
presented in Figs. 14-16. Here it is clearly shown that 
isolates differed in their response to levels of GA. Some 
isolates produced less mycelial yield than others at corre¬ 
sponding GA concentrations. 
Effect of Toxin on Tomato Cuttings 
Data on the effect of culture filtrates containing the 
various concentrations of GA upon the wilting of tomato 
plants are presented in Table 3. These data were obtained 
in order to determine the influence GA concentration levels 
have on toxin filtrates in culture filtrates of isolates of 
C^. ulmi. To determine the pathogenic capacities of three 
of the isolates toxin titre assays were made for culture 
filtrates of these isolates from GA-deficient medium. These 
studies revealed that isolates GA-26 and WV-I were moderate¬ 
ly pathogenic while isolate WV-I was found to be highly 
pathogenic. 
When toxin titre assays of culture filtrates from the 
GA-supplemented medium were made it was revealed that at 
10 ppm the filtrates of isolates MO-1563 and RI-Z7 induced 
75% wilting in tomato cuttings. Culture filtrates of 
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CONCENTRATION OF GA (ppm) 
Fig. 14. The effect of GA at four concentration levels on 
mycelial yield of isolates of C^. ulmi after 7 days 
growth as shake cultures in a buffered liquid syn¬ 
thetic medium. A. Isolate MO-1563. B. Isolate 
RI-Z7. 
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CONCENTRATION OF GA (ppm) 
CONCENTRATION OF G-A (ppm) 
Fig. 15. The effect of GA at four concentration levels on 
mycelial yield of isolates of C. ulmi after 7 days 
growth as shake cultures in a buffered liquid syn¬ 
thetic medium. A. Isolate RI-6606. B. Isolate 
GA-26. 
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CCNCENTRAT.CN CF GA (ppoi) 
CONCENTRATION CF GA (ppm'y 
Fig. 16. The effect of GA at four concentration levels on 
I 
mycelial yield of isolates of Ç. ulmi after 7 days 
growth as shake cultures in a buffered liquid syn¬ 
thetic medium. A. Isolate WV-I. B. Isolate 
WV-II. 
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Table 3- Wilting percentages of tomato cuttings after 24 
hours in culture from shake culture of C. ulmi 
isolates grown at 4 GA concentrations. 
Isolate 
Total nunibër of 
plants tested 
GA Average wilt- 
Concentrations ing percent 
(ppm) 
GA-2 6 40 10 50 
40 100 50 
40 400 25 
40 1000 25 
RI-6606 40 10 65 
40 100 50 




RI-Z7 40 10 75 
40 100 75 
40 400 25 
40 1000 25 
MO-1563 40 10 75 
40 100 75 
40 400 50 
40 1000 50 
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Table 3. Continued 
Isolate 







WV-I 40 10 65 
40 100 50 
40 400 25 
40 1000 25 
WV-II 40 10 65 
40 100 50 
40 400 25 
40 1000 25 
Control 40 10 0 
40 100 0 
40 400 0 
40 1000 0 
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isolates WV-I and RI-6606 induced 65% wilting. Representa¬ 
tive examples of the above phenomena are presented in Fig. 
17. On the other hand, isolates GA-26 and WV-II (Fig. 18) 
induced 50% wilting. 
At the concentration level of 100 ppm, filtrates of 
isolates RI-Z7 and MO-1563 induced 85% wilting. All other 
isolates induced 50% wilting. Figure 19 shows representive 
examples of the isolates at 100 ppm. 
At the concentration level of 400 ppm, only the filtrate 
from isolate MO-1563 produced wilt symptoms of 50% wilting. 
All other isolates induced only 25% of wilting in tomato 
cuttings (Fig. 20). 
At the highest GA concentration utilized in this study, 
1000 ppm, culture filtrates from one isolate, MO-1563 
(Fig. 21A) showed wilt symptoms of 50%. Culture filtrates 
from isolates grown at a GA concentration of 1000 ppm induced 
only 25% wilting in tomato cuttings (Fig. 21B). 
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Fig. 17. Tomato cuttings 24 hr after exposure to the con¬ 
trol medium and culture filtrates of isolates 
RI-6606 and RI-Z7 containing 10 ppm of GA. 
A. Isolate RI-6606. B. Isolate RI-Z7. 
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Fig. 18. Tomato cuttings 24 hr after exposure to the control 
medium and culture filtrates of isolates GA-26 and 
WV-II containing 10 ppm of GA. A. Isolate GA-26. 
B. Isolate WV-II. 
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Fig. 19. Tomato cuttings 24 hr after exposure to the con¬ 
trol medium and culture filtrates of isolates 
RI-Z7 and GA-26 containing 100 ppm of GA. 
A. Isolate MO-1563. B. Isolate GA-26. 
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Fig. 20. Tomato cuttings 24 hr after exposure to the control 
medium and culture filtrates of isolates GA-26 and 
RI-Z7 containing 400 ppm of GA. A. Isolate GA-26. 
B. Isolate RI-Z7. 
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Fig. 21. Tomato cuttings 24 hr after exposure to the control 
medium and culture filtrates of isolates MO-1563 
and RI-6606 containing 1000 ppm of GA. A. Isolate 
MO-1563. B. Isolate RI-6606. 
CHAPTER V 
DISCUSSION AND CONCLUSIONS 
The investigation reported herein clearly gives evidence 
that gibberellic acid has an effect upon the mycelial growth 
of C^. ulmi. The experimental data obtained from the measure¬ 
ment of mycelial mats grown on SNA media containing the vari¬ 
ous GA concentrations indicate that lower concentrations of 
GA may slightly stimulate mycelial growth in some isolates. 
Alexsandrov (1964), testing the effect of gibberellin 
on the growth and yield of field mushrooms, found that the 
growth of the mycelium and the yield of field mushroom in¬ 
creased. Saxena and Sehra (1966) also found that GA stimu¬ 
lated the growth of some cellulolytic fungi. The maximum 
effect was produced at a concentration of 10 mg/1 of inoculum. 
The findings reported here are in general agreement with the 
reports of these investigations, for it was found that at 
10 ppm mycelial growth of one isolate (WV-II) was stimulated. 
For all other isolates, however, growth was inhibited at 
this concentration. 
Santoro and Casida (1962) observed the effect of gib¬ 
berellin in liquid cultures of fungi known to form 
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mycorrhizal associations with the roots of conifers. After 
determining the dry weights of the mycelia of the fungi grown 
in Hoagland solution containing either 50 ppm, 200 ppm or 
500 ppm of GA, they found that gibberellin inhibited the 
growth of the basidiomycetes. This investigator found that 
the GA concentration of 50 ppm inhibited the growth of most 
isolates, but slightly stimulated mycelial growth of isolates 
RI-6606 and GA-26. 
Growing mixed cultures of Gibberella and several mycor- 
rhiza-forming fungi on nutrient agar medium containing 100 
ppm of GA, Levisohn (1960) found that this concentration 
affected the growth rate of mycorrhizal fungi adversely. 
Kamisaki et_ al. (1967) tested the effect of auxin and gib¬ 
berellin upon sporulation in yeast. The auxins employed in 
this study were IAA (indoleacetic acid), 2,4-dichlorophenoxy- 
acetic acid, and NAA (naphthalene acetic acid). The concen¬ 
trations of these substances used were 1, 5, 10, 50, 100, 
200,and 400 ppm. When GA was added to the sporulation media, 
GA promoted sporulation. The sporulation rate was higher in 
medium with vitamins than in vitamin-free medium, but the 
effect of GA was more pronounced in the latter medium. Auxin 
inhibited sporulation in medium containing vitamins, but pro¬ 
moted sporulation of yeast grown in vitamin-free medium. 
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Even though the GA concentration of 100 ppm promoted sporu¬ 
lation in yeast when added to the media, Kamisaki et al. 
(1967) also found that if metabolic inhibitors of RNA syn¬ 
thesis or inhibitors of protein synthesis were added, the 
promoting effect of GA on sporulation was suppressed. I 
also found that 100 ppm of GA slightly stimulated the growth 
of isolate WV-II. 
The higher concentration of 400 ppm and 1000 ppm marked¬ 
ly inhibited the mycelial growth of all isolates utilized in 
this investigation. 
Since the primary cause of disease by C. ulmi is due to 
the production of toxin in host tissue, inhibition of myce¬ 
lial growth would probably not directly affect disease de¬ 
velopment. I believe, however, that an understanding of the 
exact mechanism by which GA inhibits mycelial production is 
essential. For instance, if GA is found to affect the enzy¬ 
matic systems of fungi, one would be able to control or 
alter many of the metabolic activities of the fungi with GA. 
I should like to further suggest that additional research be 
done using higher GA concentrations to see if one can com¬ 
pletely inhibit growth of the fungus without deleteriously 
affecting the host. Since increasing concentrations of GA 
generally inhibited mycelial production of the isolates grown 
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in liquid culture, evidence is provided indicating some 
correlation between mycelial mat production on SNA media and 
mycelial yield in liquid culture. Further research should 
be done on this phase of the problem using different pH 
levels and higher concentrations of GA. 
The most crucial phase of this investigation, in my 
opinion, was the toxin titre assays. If concentrations of 
GA were found to alter disease severity potential, further 
work along this line might hold promise in developing Dutch 
elm disease control measures. 
Using toxin titre assays of culture filtrates to deter¬ 
mine the pathogenicity of isolates, Salters (1966) found that 
two isolates, RI-Z7 and MO-1563 were highly pathogenic. 
These two isolates induced 100% wilting of tomato cuttings 
after 24 hr. On the other hand, he found that isolate 
RI-6606 was only moderately pathogenic. This isolate induced 
only 65% wilting after 24 hr. 
Using the same procedure as Salters (1966), I found that 
RI-Z7 filtrates induced the following degrees of wilting 
after 24 hr: for the GA concentrations of 10 ppm and 100 ppm, 
only 75% wilting was induced: for the concentration level of 
400 ppm and 1000 ppm, only 25% wilting was induced. Filtrates 
of isolate RI-6606 induced the following degrees of wilting: 
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for the GA concentration of 10 ppm, 65% wilting was induced; 
for the concentration level of 100 ppm, 50% wilting was in¬ 
duced; and for the concentration levels of 400 ppm and 1000 
ppm, 25% wilting was induced. For isolates GA-26 and WV-II, 
culture filtrates induced the following degrees of wilting: 
at 10 ppm and 100 ppm, 50% wilting was induced; at 400 ppm 
and 1000 ppm, 25% wilting was induced. 
Although the evidence presented here indicates that GA 
exerts some effect on toxin elaboration by isolates of C. 
ulmi, as revealed through toxin titre assays, the results 
are not regarded as fully conclusive. Additional analyses 
of this phase of the problem need to be made. In addition 
to further tests on tomato cuttings, tests utilizing cuttings 
from susceptible and resistant elm species should be conduct¬ 
ed. It should be noted that at the highest concentration 
used in this study, five filtrates still induced 25 percent 
wilting of tomato cuttings. One filtrate induced 50 percent 
wilting at the highest concentration level used. It would 
be interesting to see whether toxin elaboration or toxin 
effect might be completely eliminated if even higher GA con¬ 
centrations were used. 
CHAPTER VI 
SUMMARY 
The effect of GA, at five concentration levels, on 
radial mycelial growth, mycelial yield, and toxin formation 
of six isolates of C. ulmi has been determined. 
Radial measurements of the mycelial mat revealed that 
lower concentrations of GA may slightly stimulate the growth 
of some isolates, while higher concentrations of GA inhibit 
mycelial growth in all isolates. 
Comparisons of the weights of mycelial yield of the 
different isolates at the GA concentration levels used re¬ 
vealed that the mycelial yield of isolates generally de¬ 
creased as the concentration increased. This evidence cor¬ 
roborates the findings from the studies on the effect of 
similar GA concentrations on the radial growth of mycelial 
mat. To determine if GA was effective in reducing disease 
severity of the isolates, toxin assays were made on 4-to-5- 
week old tomato seedlings. The greatest reduction in wilting 
occurred in isolates that were moderately pathogenic. 
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